Introduction
Sentinel nodes (SNs) are defined as the first draining lymph nodes from the primary site of a tumor [1] , and they are thought to be the first possible site of micrometastasis along the route of lymphatic drainage from the primary lesion ( fig. 1 ) . Therefore, the pathological status of SNs can theoretically predict the status of all regional lymph nodes. If SNs are recognizable and negative for cancer metastasis, unnecessary radical lymph node dissection might be avoided. The SN hypothesis is applied to patients at relatively high risk of lymph node metastasis, which is based on the characteristics of the primary tumor, but having clinically undetectable regional metastatic nodes as confirmed by preoperative diagnostic imaging. A more efficient and accurate diagnosis of lymph node metastasis along with adequate prognostic information can be obtained from a small number of lymph nodes through intraoperative SN mapping and biopsy [1, 2] . SN navigation surgery is defined as a novel, minimally invasive surgery based on SN mapping and the SN-targeted diagnosis of nodal metastasis. This surgery can prevent unnecessary lymph node dissection, thus preventing the associated complications and improving the patient's quality of life (QOL).
SN mapping and biopsy were first applied to melanoma and breast cancer patients and were subsequently ex-tended to patients with many other solid tumors [1] [2] [3] . The SN concept has revolutionized the approach to the surgical staging of both melanoma and breast cancer. Applying this concept can yield benefits for patients by preventing various complications related to unnecessary prophylactic radical lymphadenectomy such as axillary lymph node dissection in breast cancer patients with negative SN for cancer metastasis.
Many patients with early gastric cancer are currently treated with advanced laparoscopic gastrectomy procedures, such as laparoscopy-assisted distal gastrectomy and laparoscopy-assisted total gastrectomy, not only in Japan but also in other countries [4] [5] [6] [7] . Advanced laparoscopic gastrectomy contributes to both better aesthetics and early postoperative recovery [8] . However, patients' QOL is mainly affected by late-phase complications, such as dumping syndrome and body weight loss resulting from oral intake disturbance. Therefore, both minimal invasiveness for early-phase recovery and satisfactory late-phase function after gastric cancer surgery should be carefully considered in patients indicated for these procedures.
Although function-preserving surgery such as partial gastrectomy, segmental gastrectomy, and proximal gastrectomy, with limited stomach resection and lymph node dissection, helps in improving postoperative latephase function, a certain incidence of skip metastasis in the 2nd or 3rd compartment of the regional lymph nodes remains an obstacle to the wider application of these procedures. To overcome these issues, the concept of SN mapping is anticipated to become a novel diagnostic tool for the identification of clinically undetectable lymph node metastasis in patients with early gastric cancer.
The clinical application of SN mapping for early gastric cancer has been controversial for years. However, single institutional results, including ours and those from a recent multicenter trial of SN mapping for early gastric cancer, are considered acceptable in terms of the SN detection rate and accuracy of determination of lymph node status [9, 10] . On the basis of these results, we are developing a novel, laparoscopic, minimally invasive gastrectomy technique combined with SN mapping.
Surgical Techniques of Laparoscopic SN Mapping
A dual-tracer method that utilizes radioactive colloids and blue dyes is currently considered the most reliable method for the stable detection of SNs in patients with early gastric cancer [11, 12] . An accumulation of radioactive colloids facilitates the identification of SNs even in resected specimens, and the blue dye is effective for intraoperative visualization of lymphatic flow, even during laparoscopic surgery. Technetium-99m tin colloid, technetium-99m sulfur colloid, and technetium-99m antimony sulfur colloid are preferentially used as radioactive tracers. Isosulfan blue, patent blue, and indocyanine green (ICG) are currently the preferred choices of dye tracers.
In general, patients with clinical T1 (or T2) tumors, primary lesions less than 4 cm in diameter, and clinical N0 gastric cancer undergo SN mapping and biopsy. In our procedures, 2.0 ml (150 MBq) of technetium-99m tin colloid solution is injected the day before surgery into four quadrants of the submucosal layer of the primary tumor site using an endoscopic puncture needle. Endoscopic injections facilitate accurate tracer injection. Theoretically we would be able to identify any SNs even in unpredictable sites if we could inject the tracers appropriately into the submucosal layer surrounding the primary tumor using endoscopy. Therefore, there is no restriction of location of primary tumor in terms of the indication of SN mapping.
With its relatively large particle size, technetium-99m tin colloid accumulates in the SNs after local administration. According to our experience, it migrates into the SNs within 2 h and remains there for more than 20 h Fig. 1 . Primary gastric cancer and SN. The SN is defined as one or more lymph nodes that first receive lymphatic drainage from the primary tumor. For intraoperative SN mapping, tracers (blue dye and/or radioisotope-labeled colloid) are injected submucosally around the primary tumor site using endoscopy before surgery. Subsequently, the tracers pass through the afferent lymphatics, and stained or radioactive nodes are regarded as the SN. [13] . In particular, higher body mass index affected unsuccessful SN detection by lymphoscintigraphy. Therefore, utility of the preoperative lymphoscintigraphy is still limited for SN mapping in early gastric cancer. Recently, some researchers have reported on the utility of single-photon emission computed tomography/computed tomography (SPECT/CT) for SN mapping in various malignancies [14] . They found that SPECT/CT for SN mapping brought precise localization with three-dimensional imaging. Application of SPECT/CT may improve the detection and the localization of SNs before gastric cancer surgery.
Similar to breast cancer and melanoma, cases with clinically apparent lymph node metastasis proven by preoperative imaging diagnosis such as CT scan and ultrasound would be excluded from the SN mapping because the purpose of this technique is to identify clinically undetectable lymph node involvement. Moreover, apparent metastatic lymph nodes occupied by massive cancer cells may interrupt the accurate detection of SNs because the influx of dye or radioactive tracers into lymph nodes could be blocked or altered by the obstruction of afferent lymphatic vessels. Therefore, routine preoperative imaging diagnoses to evaluate the lymph node involvement are also indispensable for successful SN mapping.
The first step of laparoscopic intraoperative SN detection performed at our institution involves the division of the gastrocolic ligament for the laparoscopic visualization of all possible directions of lymphatic flow from the primary site in the stomach [15] [16] [17] . Next, a blue dye (isosulfan blue or ICG) is injected under the guidance of intraoperative endoscopy, similar to the preoperative injection of the radioactive tracer. The blue dye is injected into four quadrants of the submucosal layer of the primary site using an endoscopic puncture needle. Blue lymphatic vessels and blue-stained nodes can be identified by laparoscopy within 15 min after the injection of the blue dye. The blue dye facilitates the visualization of lymphatic vessels despite several issues, such as the fast movement of the dye and blind sites in dense fat. Simultaneously, a hand-held gamma probe (GPS Navigator; RMD Instruments LLC, Watertown, Mass., USA) is used to locate the radioactive SN. Intraoperative gamma probing is feasible in laparoscopic gastrectomy using a special gamma detector introducible from trocar ports. Intraoperative sampling of SNs is not always easy because occasionally the radioactivity in SNs might have been hidden by the shinethrough effects of radioactivity in the primary tumor when they were in close proximity to the primary tumor. In general, however, radio-guided methods allow the confirmation of complete SN harvest by gamma probing. In contrast, the dye procedure enables real-time observation of lymphatic flow. We currently recommend a combination of blue dyes and radio-guided methods for systematic SN mapping in patients with gastric cancer.
For intraoperative SN sampling, the pick-up method is well established for the detection of melanoma and breast cancer. However, it is recommended that the clinical application of intraoperative SN sampling should include sentinel lymphatic basin dissection, which is a sort of focused lymph node dissection involving hot and blue nodes ( fig. 1 ) [18, 19] . The gastric lymphatic basins were considered to be divided in the following five directions along the main arteries: left gastric artery area, right gastric artery area, left gastroepiploic artery area, right gastroepiploic artery area, and posterior gastric artery area [20] .
On the back table, the resected sentinel lymphatic basin is carefully investigated for hot nodes (SNs) using a hand-held gamma probe. Blue-stained or radioactive SNs identified in the resected specimens are carefully investigated using the gamma probe, and all SNs are sent for intraoperative pathological examination. After gastrectomy, the presence or absence of other radioactive SNs among the residual lymph nodes in the upper abdominal cavity is confirmed using the gamma probe, which is inserted from the trocar port or small abdominal wound.
ICG is known to have excitation and fluorescence wavelengths in the near-infrared range [21] . To date, some investigators have used infrared ray electronic endoscopy (IREE) to demonstrate the clinical utility of intraoperative ICG infrared imaging as a new tracer for laparoscopic SN biopsy ( fig. 2 ) [22, 23] . Nimura et al. [24] previously reported a sensitivity of 100%, specificity of 67%, positive predictive value of 29%, and negative predictive value of 100% for the detection of SNs using IREE (Olympus Optical, Tokyo, Japan) in 84 patients with cT1/ T2 and cN0 gastric cancer. IREE might be a useful tool to improve visualization of ICG-stained lymphatic vessels and SNs even in the fat tissues.
More recently, ICG fluorescence imaging has been developed as another promising novel technique for SN mapping [25] . Tajima et al. [26] reported on intraoperative ICG fluorescence imaging using a charge-coupled device camera (which filtered out light with wavelengths below 820 nm) with a light-emitting diode (having a wavelength of 760 nm; Hamamatsu Photonics, Hamamatsu, Japan) for intraoperative detection of SN in gastric cancer. SN could be clearly visualized by ICG fluorescence imaging compared to the naked eye. Moreover, the authors emphasized that SN identification using ICG fluorescence imaging was feasible even by preoperative ICG injection, e.g. 1-3 days before surgery, because the ICG particles binding with plasma proteins may spread out widely from the injection site through lymphatic vessels with time and accumulate in the SNs preoperatively. In addition, they reported it is also feasible in laparoscopyassisted gastrectomy introducible via a small laparotomy [21, 26] .
In general, the number of SN identified by dye-guided methods including ICG infrared or fluorescence imaging is known to be relatively higher than that by radio-guided methods because the particle size of dyes is markedly smaller than that of radioactive colloids [16] . Therefore, SNs identified by dye-guided methods might contain not only SN but also the 2nd or 3rd compartment of regional lymph nodes. Further studies would be needed to evaluate the clinical efficacy of ICG infrared or fluorescence imaging and to compare those with radio-guided methods in prospective studies. These new technologies might revolutionize the SN mapping procedures not only in gastric cancer but also in many other solid tumors.
Results of Intraoperative SN Mapping for Gastric Cancer
To date, a number of single institutional studies have demonstrated acceptable outcomes of SN mapping for early gastric cancer in terms of the SN detection rate (90-100%) and accuracy (85-100%) of determination of lymph node status; these outcomes are comparable to those of SN mapping for melanoma and breast cancer [27, 28] . Recently, Wang et al.
[27] reported a systematic review that evaluated the diagnostic value of SN biopsy for gastric cancer. The results of their large-scale meta-analysis, which included 38 relevant studies with 2,128 patients, demonstrated that the SN detection rate and accuracy of prediction of lymph node metastasis based on SN status were 94 and 92%, respectively [27] . They concluded that the SN concept is technically feasible for gastric cancer, especially cases with early T stage (T1), with the use of combined tracers and submucosal injection methods during the SN biopsy procedures.
A study group from the Japan Society of Sentinel Node Navigation Surgery (JSNNS) recently conducted a multicenter prospective trial of SN mapping using a dual-tracer method with a radioactive colloid and blue dye [29] . In the trial, SN mapping was performed between 2004 and 2008 for approximately 400 patients with early gastric cancer at 12 comprehensive hospitals, including our institution. Eligibility criteria were that patients had a cT1N0M0 or cT2N0M0 single tumor with the diameter of the primary lesion less than 4 cm, without any previous treatments. The SN detection rate was 98% and the accuracy of determination of metastatic status was 99% [29] . The results of that clinical trial are expected to provide us with perspectives on the future of SN navigation surgery for early gastric cancer.
In contrast, the Japan Clinical Oncology Group (JCOG) also conducted a multicenter prospective trial of SN biopsy for cT1N0 gastric cancer [30] . The JCOG 0302 study was designed to assess the feasibility and accuracy of SN biopsy by the dye-guided method with intraoperative subserosal direct injection of ICG. Although the details of the study have not yet been published, recruitment of patients for the JCOG 0302 study was terminated midway because of the high false-negative rate. Several factors were involved, including technical issues of the dye-only guided method with subserosal injection of the tracer and limited sensitivity of intraoperative histological diagnosis of SN status. One of the most critical limitations in the JCOG 0302 study might be the fact that there were only 5 initial cases for training in each institution. On the contrary, in our JSNNS study, 30 cases were required as the minimum experience for the initial learning phase to participate in the multicenter study based on previous reports for multicenter studies of SN biopsies for breast cancer [31] . 
Future Direction of Laparoscopic SN Mapping for Early Gastric Cancer
The distribution of sentinel lymphatic basins and the pathological status of SNs would be useful in deciding on the minimized extent of gastric resection and for avoiding the universal application of distal or total gastrectomy with D2 dissection. Appropriate indications for partial (wedge) resection, segmental gastrectomy, pylorus-preserving gastrectomy, and proximal gastrectomy for cT1N0 gastric cancer could be individually determined on the basis of SN status. Currently, surgical treatment of cT1N0 gastric cancer can be individualized on the basis of SN navigation [15] [16] [17] 19] . Various types of laparoscopic function-preserving surgeries are applicable for cancer patients with negative SNs for metastasis by intraoperative pathological diagnosis. For example, laparoscopic partial (wedge) resection of the stomach is applicable for patients with a sentinel lymphatic basin on the greater curvature side. Laparoscopic segmental gastrectomy with a pylorus-preserving procedure is feasible in patients with a primary lesion more than 4 cm from the pylorus ring and having two sentinel lymphatic basins on the lesser and greater curvature sides. Also, laparoscopyassisted proximal gastrectomy is an attractive alternative to total gastrectomy for patients with cT1N0 cancer of the upper third of the stomach. We previously reported the feasibility of laparoscopy-assisted proximal gastrectomy with SN mapping for 37 patients with cT1N0 proximal gastric cancer ( fig. 3 ) [19] . The sensitivity of prediction of nodal metastasis and diagnostic accuracy based on SN status were both 100% (3/3 and 37/37, respectively) and all patients have been free from recurrence. Earlier recovery after surgery and preservation of QOL in the late phase can be achieved by laparoscopic limited gastrectomy with SN navigation.
Although the accuracy of determining lymph node status by laparoscopic SN mapping may vary between single institutional studies, these results are generally acceptable in cases with early gastric cancer patients [27] . Moreover, these reports have demonstrated that sentinel lymphatic basins contain truly positive nodes, even when the SN biopsy produces a false negative. Sentinel lymphatic basin dissection can provide an acceptable safety net for the clinical application of laparoscopic SN sampling for gastric cancer [16, 17] . This novel surgical procedure may be a feasible and reliable option for cT1N0 early gastric cancer. Our study group in the JSNNS is currently preparing to conduct the multicenter phase III trial which will compare the function-preserving gastrectomy with SN mapping to the conventional distal or total gastrectomy in terms of curability and patients' QOL as the next step.
The pattern of the sentinel lymphatic basin could be approximately estimated by primary tumor location according to the accumulation of the results of SN mapping in cT1N0 gastric cancer [19] . However, at the same time, the fact that the distribution of SNs shows an unpredictable pattern in some patients cannot be ignored. We believe that intraoperative SN mapping and biopsy are indispensable to verify that all SNs are negative for cancer metastasis and to decide the actual extent of the sentinel lymphatic basin if we attempt the laparoscopic functionpreserving gastrectomy because other metastatic lymph nodes are frequently located beyond the sentinel lymphatic basin when the SN are microscopically positive for metastasis.
To date, we have no other useful tools which can predict the number and the location of all metastatic nodes intraoperatively in patients with positive SNs. Moreover, the most recent Japanese guidelines recommend standard D2 lymphadenectomy in patients with T1N1 gastric cancer [19, 32] . Therefore, distal or total gastrectomy with D2 dissection would be favorable as a more radical and curative lymphadenectomy for patients with positive SN at this time. Further studies will be needed to verify the appropriate extent of lymphadenectomy for patients with positive SN.
A combination of laparoscopic SN biopsy and endoscopic mucosal resection (EMR)/endoscopic submucosal dissection (ESD) for early gastric cancer is another attractive option as a novel, whole stomach-preserving, minimally invasive approach. The indications of endo- (1) mucosal tumors, (2) histologically differentiated-type adenocarcinomas, (3) less than 2-cm diameter tumors, and (4) no ulcer or no ulcer scar in the lesion. This is because lymph node metastasis is considered absent if the primary tumor is within these criteria [32, 33] . However, recent technical advances in endoscopic treatment have enabled the en bloc resection of much larger and slightly deeper early gastric cancers, including undifferentiated or ulcerated types, by ESD. If all SNs are pathologically negative for cancer metastasis, theoretically, EMR/ESD instead of gastrectomy may be sufficient for the curative resection of cT1 gastric cancer beyond the EMR criteria ( fig. 4 ) .
However, it is probably too soon for laparoscopic SN mapping and consequent intraoperative EMR/ESD for SN-negative cases to become an accepted approach in clinical practice because we still have a number of technical controversies to be resolved. These include the accuracy of intraoperative pathological diagnosis, the necessity of full-thickness resection, and the possibility of cancer cells being present in afferent lymphatic vessels leading to SNs. Further studies are required to verify the safety and effectiveness of combined treatments involving laparoscopic SN biopsy and EMR/ESD.
Nowadays, laparoscopy-assisted distal gastrectomy or laparoscopy-assisted proximal gastrectomy is frequently applied to the patients with early gastric cancer according to the results of pathological assessments of primary tumors resected by EMR/ESD in clinical practices. To date, it has not been clarified whether SN mapping is feasible even after EMR/ESD. One of the most important issues is whether lymphatic flow from the primary tumor to the original SNs may change after EMR/ESD. In our preliminary study, however, at least the sentinel lymphatic basin is not markedly affected by previous EMR/ESD (data not shown). Modified gastrectomy according to SN distribution and metastatic status might be feasible even for the patients who underwent EMR/ESD prior to surgery.
The recent appearance of a new technique, referred to as natural orifice transluminal endoscopic surgery (NOTES), may be figuratively regarded as a second coming of the laparoscopic surgery of the 1990s, and currently there has been a drastic acceleration in the exploration of new techniques [34, 35] . Cahill et al. [36] reported on lymphatic mapping and SN biopsy by transgastric [37] .
Conclusion
For early-stage gastric cancer such as cT1N0, for which a better prognosis can be achieved through conventional surgical approaches, the establishment of individualized, minimally invasive treatments that may retain the patients' QOL should be the next surgical challenge. Although further studies are required for careful validation, EMR/ESD combined with SN navigation surgery could be a promising strategy to achieve this goal.
